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VEHICLE ELECTRICAL SYSTEM WITH FUEL CELL 
AND PROCESS FOR OPERATING AN ELECTRICAL CONSUMER 
IN SUCH A VEHICLE ELECTRICAL SYSTEM 



Background of the Invention 

Field of the Invention 

[0001] The invention rel a,es •„ a vehicle e,ee t riea, system, especially for a motor 

vehtcle wtth an APU (auxiliary power unit) based on a fire, cell and a DC/DC converter for 
converttng the DC vohage which is generated by the fire, ceH in order to match i, to the 
voltage of the vehicle electrical system. 

Description of Related Art 

10002) The invention furthermore reiates to a process for operating an ,,,,,„. „ 

ZT^*^ - T which is delivered by a fuel Apu p— 

Z ce U H C °T r 8 PrOV ' ded fM C ° nVerSi0n " *° ° C «— - * 

27 : adapt "* 00 vohage ,o * e ^ * «* ««* — w». 

100031 m nrodem motor vehicles, them is i„c re asi„ gly an e.evated demand for 

e lectrtcal power, for examp.e, for making available luxury functions, for example, auxiliary 
chntate control. For this reason, i, is provided tha, me vehicie eiecttica, systems he quipped 
wtth auxthary ant* for snppiying e.ectrica, power. ,„ this connection, fire, cell-based A«„ 
(auxthary power umts, am especiaUy promising since ^ can ^ a „ d a 

power tndependently of the internal combustion engine. 

I0004J Since votage range Qf theM ^ cens var . es 

between roughly 60% and ,00% of the maximum vohage of the vehiCe e.ecL sys em i 
, necessary to adapt me delivered vohage to me vohage of the vehiCe e.ectrica, systl via a 
DC/DC converter. Examp.es of these vehiCe Ccctrica, systems with a fue, ce„ and a DC/DC 
converter which is intended for vohage condemning are given, for ,xamp,e. m Oermun 
Parent DE ,98 , 0 556 C, published German Paten, Application DE ,0, 05 087 A 1^ which 
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t T Pa,em No ' 6 ' 323 - 626 ' md published Gm ™ Pate « ™ ^ 8 

10 468 Al whtch corresponds to U.S. Patent No. 6,577,026. 

[0005, However, ,he increased e,ec,rica, power demand in modern motor vehicles 

enfatfs problems with respec, to the indicated ,echno,o gy . For examp.e, a, an APU electnca, 
wattage of around 5 kW, i, is necessary ,o nse a very eomp.cx and thus costly DC/DC 
convener in order ,„ sfabi.ize fhe fuel ceu vo.tage to the vo.tage of me vehic.e Cectrica. 
system^ In addition, these converters are currently no, ye, avai.able and mus, be developed 
firs,; flus is fundamental* possible, bu, wouid be in turn associated with a very high 
complexity and cost. 7 & 



Summary of the Invention 
10006] A primary object of , he presem , nvent . on . s (o ei . m . Mte prob| ^ s 

pnor art and especially ,„ provide a vehicle electnca, system and a process for operating an 
e^cmca. consumer without having to re,y on deve,opme„, of a DC/DC convert whtch is 
suitable for this purpose at a high APU electrical wattage. 

10007] This object is achieved for a generic vehicle electrical system by some of the 

electnca, power de.ivered from me fue, ce„ being supphed ,o a, ,eas, one Cectrica, consumer 
wnhou, conversion by ,he DC/DC convener. The power ma,ched ,o ,he vohage of the 
vemde e.eorica, sys,em in «he DC/DC convener is ,imi,ec ,o an economical efficient 
amount by supplying a voltage without DC/DC conversion ,o those consumers which can 
operate with an unstabilized voltage. 

[0008] The invention is developed in an especially useful manner in tha, me fuel cell 

..connected ,o one inpu, of me DC/DC convener so ma, al, me useful dectrical power 
dehvered by me fire, ce„ is supphed ,o mis input and tha, some of ,he e,ec,rica, power 
dehvered from the fue, ce„ can be taken from fhe unconditioned outpu, of t „e DC/D c 
convener whhout conversion by me DC/DC convener. ,„ , his way, i, is possible ,o connect 
•be fue, ce„ o„,y ,„ me DC/DC convene, Thus, no addifiona, circui.ry measure, are 
necessary ,„ fhe area of .he fire, ce,,. The division of ,he voltage into a stabihzed vohage on 
,he one hand and an unseized or unconditioned vohage on ,he other occurs in ,he area of 
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the DC/DC converter by transferring the unstabilized part only through the DC/DC converter 

and making it available at the unconditioned output of the DC/DC converter. 

[0009] The invention is especially advantageous when the at least one consumer is a 

high wattage consumer. By not operating the high wattage consumer with stabilized voltage 

the DC/DC converter can be designed for a wattage which is reduced by the corresponding 

amount. 

[0010] In this connection, it is especially advantageous that the at least one consumer 

include the compressor motor of an electrically driven air conditioning compressor of a motor 
vehicle climate control system. Based on the direct coupling of the compressor motor which 
is operated with DC voltage to the fuel cell voltage, depending on the total load on the fuel 
cell, the voltage level for supplying the air conditioner compressor motor is different This 
results in the rpm of the motor changing; but, this can be accepted since control of the 
compressor output can be effected independently of the rpm via mechanical matching of the 
compression stroke by means of a PWM signal. 

[0011] The vehicle electrical system of the invention can be designed, for example, 

such that the electrical wattage of the APU is roughly 5 kW. 

[0012] The advantages and particular features of the vehicle electrical system in 

accordance with the invention are also implemented within the framework of the process It is 
developed in an especially useful manner in that the fuel cell is connected to one input of the 
DC/DC converter so that all the useful electrical power delivered from the fuel cell is 
supplied to this input and that some of the electrical power supplied from the fuel cell is taken 
from the unconditioned output of the DC/DC converter without conversion by the DC/DC 
converter. 

[0013] Furthermore in the process of the invention, it is provided that the at least one 

consumer include a high wattage consumer. 

[0014] The process in accordance with the invention is developed in an especially 

advantageous manner in that at least one consumer is the compressor motor of an electrically 
driven air conditioning compressor of a motor vehicle climate control system. 
[0015] In this connection, it is especially advantageous that the wattage of the air 

conditioning compressor is controlled independently of the rpm of the compressor motor via 
the mechanical triggering of the compression stroke. 
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[0016] Furthermore the process can be used to benefit when the electrical wattage of 

the APU is roughly 5 kW. 

[0017] The invention is based on the finding that the size of a DC/DC converter can 

be limited to an economically efficient amount by especially high wattage electrical 
consumers, such as for example, electrical air conditioning compressors, being directly 
supplied with the variable unconditioned fuel cell voltage. 

10018] The invention is explained in further detail below with reference to the 

accompanying drawings using especially preferred embodiments by way of example. 

Brief Description of the Drawings 
[0019] Figure 1 is a schematic illustration of part of a vehicle electrical system in 

accordance with the invention; and 

[0020] Figure 2 is a schematic illustration of part of a vehicle electrical system in 

accordance with the invention with an electrical consumer. 



Detailed Description of the Invention 
[0021] Figure 1 shows a part of a vehicle electrical system in accordance with a 

preferred embodiment of the invention in which APU is a fuel cell 10 that has output 
terminals 22, 24 which are connected to the input 16 of the DC/DC converter 12 The 
electrical wattage of the fuel cell can advantageously be roughly 5 kW The DC/DC 
converter 12 has a stabilized output 26 via which it can make available a stabilized output 
voltage by means of output terminals 28, 30. 

[0022, In addition, the DC/DC converter 12 has an unstabilized or unconditioned 

output 18 via which an unconditioned voltage can be made available by means of output 
terminals 32, 34. The voltage which is made available at the stabilized output 26 is supplied 
preferably to the vehicle electrical system for purposes of increasing the wattage. 
[0023] Figure 2 shows a schematic of part of the vehicle electrical system of the 

invention with an electrical consumer 14 which is connected to the output terminals 32 34 of 
the unconditioned output 18. The consumer 14, in this example, is a high wattage consumer 
and especially a compressor motor of an air conditioning compressor 20. This compressor 
motor 14 can be operated with a voltage level which changes depending on the total load on 
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the fuel cell 10 even if, in this way, the rpm of the motor 14 varies. The compressor wattage 
can be controlled independently of the rpm via mechanical matching of the compression 
stroke by feeding a PWM signal via the terminals 36, 38 of the air conditioning 
compressor 20. 

[0024] The features of the invention described above, and shown in the drawings can 

be implemented in accordance with the invention both individually and also in any 
combination. 



